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This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 1 8. A copy is being transmitted to the International Bureau. 



This International Search Report consists of a total of 4 sheets. 

[X] it is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless othenwise indicated under this item. 

I I the international search was carried out on the basis of a translation of the international application furnished to this 
' — Authority (Rule 23. 1 (b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

I I contained in the international application in written form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readble form. 

I I the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
I I the statement that the information recorded in computer readable form is identical to the written sequence listing has been 

furnished 



2. []J Certain claims were found unsearchable (See Box I). 

3. Q Unity of Invention Is lacking (see Box II). 



4. With regard to the title, 

I I the text is approved as submitted by the applicant. 

pr| the text has been established by this Authority to read as follows: 

RESONANT-MODE PANEL LOUDSPEAKER WITH LIGHT EMITTER 



With regard to the abstract, 



[ I the text is approved as submitted by the applicant 

mthe text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority 

6. The figure of the drawings to be published with the abstract is Figure No. 1 



[T| as suggested by the applicant. □ None of the figures. 

I I because the applicant failed to suggest a figure. 
I I because this figure better characterizes the invention. 
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Box III TEXT OF THE ABSTRACT (Continuation of item 5 of the first sheet) 



A combination panel-form loudspeaker/light comprisisng a panel (12) having a 
front face (14) and rear face (16), a vibration exciter (18,20) mounted to the 
member to excite bending-wave vibration in the member, and a light emitter (22) 
mounted at or adjacent to the panel and arranged to illuminate an area 
adjacent to the panel . 
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which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
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(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
P.5897.WOP 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Fomi PCT/IPEA/416) 


International application No. 
PCT/GBOO/00801 


International filing date (day/month/year) 
09/03/2000 


Priority date (day/month/year) 
10/03/1999 


International Patent Classification (IPC) or national classification and IPC 
H04R1/02 


Applicant 

NEW TRANSDUCERS LIMITED 



1. TIlis international preliminary exannination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 5 sheets, including this cover sheet. 

□ This report Is also accompanied by ANNEXES, I.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 



1 


1^ 


Basis of the report 


II 


□ 


Priority 


III 


□ 


Non-establishment of opinion with regard to novelty, Inventive step and industrial applicability 


IV 


□ 


Lack of unity of invention 


V 




Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability: 
citations and explanations suporting such statement 


VI 


□ 


Certain documents cited 


VII 




Certain defects in the international application 


VIII 


□ 


Certain observations on the international application 



Date of submission of the demand 
06/09/2000 


Date of completion of this report 
1 1 .06.2001 


Name and mailing address of the intemational 
preliminary examining authority: 

^ European Patent Office 
/gS) D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Authorized officer v<S^;;:>^ 
Nieuwenhuis, P y% /y 

Telephone No. +49 89 2399 8968 ^^.s^oj;^ 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/G BOO/00801 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an Invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70, 1 7)): 
Description, pages: 

1 -8 as originally filed 

Claims, No.: 

1-14 as originally filed 

Drawings, sheets: 

1/4-4/4 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

jhese elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5, □ This report has been established as If (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing sucfi amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-14 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-14 

Industrial applicability (lA) Yes: Claims 1-14 

No: Claims 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents: 

D1 : WO 97 09840 A (AZIMA HENRY ;HARRIS NEIL (GB); COLLOMS MARTIN 
(GB); VERITY GROUP P) 13 March 1997 (1997-03-13) 

D2: US-A-4 559 584 (KUWAHATA TOSHIKATSU ET AL) 17 December 1985 
(1985-12-17) 

D3: FR-A-2 649 575 (THOMSON CONSUMER ELECTRONICS) 1 1 January 
1991 (1991-01-11) 

D4: WO 97 09843 A (AZIMA HENRY ;HARRIS NEIL (GB); COLLOMS MARTIN 
(GB); VERITY GROUP P) 13 March 1997 (1997-03-13) 

2. Claim 1 in its broadest sense merely relates to a distributed mode loudspeaker 
known from e.g. D1 and which is placed near an ordinary light emitter (e.g. 
fluorescent tube or light bulb) not showing any inventive working interrelationship 
with the emitter (see also PCT Guidelines 3-IV,8.8, B1). Consequently the subject- 
matter of these claims is not inventive. 

3. Dependent claims 2-14 do not contain any features which, in combination with the 
features of any claim to which they refer, meet the requirements of the PCT in 
respect of novelty and/or inventive step, the reasons being as follows: 

Regarding claims 2 and 3: See comments given with respect to claim 1 . 

Regarding claims 4-8,10: To mount light emitters within a loudspeaker cavity and 
behind the loudspeaker membrane is known from e.g. D2 and D3. To 
additionally direct to light to where it is desired and take the straightforward 
necessary steps to achieve this, as presently claimed in claims 4-8, lies 
within the scope of the customary practice followed by persons skilled in the 
art, especially as the advantages thus achieved can readily be foreseen. 

Regarding claims 11 and 12: The additional mechanical protection of a 

loudspeaker diaphragm extending beyond its perimeter is standard practice. 
The mere choice of an opaque cover does not involve any inventive activity. 
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Regarding claims 13 and 14: See D4. 
Re Item VII 

Certain defects in the international application 

1 . The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

2. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the documents D2 and D3 are not mentioned in the description, nor 
are these documents identified therein. 

3. By mixing the use of the terms "panel" and "member" for the same item (see e.g. 
claim 1), the requirement that terminology should be consistent throughout the 
international application (cf. Rule 10.2 PCT) is not met. 



Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 1997) 



PATENT COOPERATIOI^EATY 



From the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



Ri©EIl¥EO 
1 -0 AUG 2001 



To: 



DUE DATE: 



ROLLINS, A. 

NYCOMED AMERSHAM Plj^ 
Amersham Laboratories 
White Lion Road 
Amersham. Bucks HP7 9LL 
GRANDE BRETAGNE 



FORMALITIES: Jf( 



PAT. OFF: 



ON DB: 



CASE NO; 



ioh\o\ 



PCT 



^ OTIFICATION OF TRANSMITTAL OF 
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Applicant's or agent's file reference 
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IMPORTANT NOTIFICATION 


International application No. 
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International filing date (day/month/year) 
09/03/2000 


Priority date (day/month/year) 
12/03/1999 


Applicant 

AMERSHAM PHARMACIA BIOTECH UK LTD. et ai. 



1 The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
' international preliminary examination report and its annexes, if any, established on the international application. 



2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 



4. REMINDER 

The applicant must enterthe national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the Infernational Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation mus 
contain a translation of any annexes to the intemational preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 
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1 . This international preliminary examination report has been prepared by this international Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 7 sheets, including this cover sheet. 

a This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 4 sheets. 
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Form PCT/1 PEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/G BOO/00807 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70.17)): 
Description, pages: 



1 ,4-1 2 as originally filed 

2,3,3a as received on 20/03/2001 with letter of 16/03/2001 

Claims, No.: 

8-15 as originally filed 

1-7 as received on 20/03/2001 with letter of 16/03/2001 

Drawings, sheets: 

1/4-4/4 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless othenwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 
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4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

{Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: 

No: 

Inventive step (IS) Yes: 

No: 

Industrial applicability (lA) Yes: 

No: 

2. Citations and explanations 
see separate sheet 

VL Certain documents cited 

1 . Certain published documents (Rule 70.10) 

and / or 

2. Non-written disclosures (Rule 70.9) 
see separate sheet 



Claims 1-15 
Claims 

Claims 1-15 
Claims 

Claims 1-15 
Claims 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 Reference is made to the following documents: 



D1 : LACKNER ET AL: 'MULTIPLEX DNA-UND RNA-ANALYSE AN 

FLUORESZENTEN MICROBEADS ALS ALTERNATIVE ZUIVI DNA-ARRAY' 
MEDIZINISCHE GENETIK, vol. 11, Marcli 1999 (1999-03), pages 16-17, 

D2: SCHENA M ET AL: 'QUANTITATIVE IVIONITORING OF GENE 
EXPRESSION PATTERNS WITH A COMPLEMENTARY DNA 
MICROARRAY' SCIENCE, vol. 270, no. 5235, 20 October 1995 (1995-10- 
20), pages 467-470, 

D3: WO 98 26098 A (FELDHAUS MICHAEL JOHN ;KAMB ALEXANDER (US); 
VENTANA GENETICS INC () 18 June 1998 (1998-06-18), 

D4: WO 97 14028 A (LUMINEX CORP ;CHANDLER VAN S (US); FULTON R 
JERROLD (US); CHANDLER) 17 April 1997 (1997-04-17). 

2. As amended claims 1-7 filed on 20.03.2001 do not contain subject-matter which 
extends beyond the content of the application as originally filed; they can be 
considered to meet the requirements of Articles 19(2), 34(2)(b)PCT. 

3. As the particular combination of features of independent claim 1 is not disclosed in 
any cited prior art, the subject-matter of the said claim would appear to be novel 
(Article 33(2) PCT). 

4. Moreover, the subject-matter of the said claim would appear to involve an 
inventive step in the sense of Article 33(3) PCT for the following reasons: 
The closest state of the art result from document 03. 

The said document discloses a method for comparative assessment of the level of 
specific nucleic acid sequences in samples from different sources (Abstract). 
The said method comprises providing the target nucleic acids from the first source 
linked to a first label and the target nucleic acids from the second source linked to 
a second label. The labelled nucleic acids from the different sources are pooled 
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and contacted with a' number of beads each having attached thereto capture 
oligonucleotides of a unique sequence, under condition that promote the 
formation of duplexes between the capture probe and the nucleic acid molecules 
complements. The beads are then sorted according to the relative amount of the 
first label and the second label.The identity of the nucleic acid molecules is then 
determined (see page 12, lines 1 1 to 20). The method disclosed in D3 Is thus a 
way of identifying the sequence of differentially expressed genes. 

The subject-mater of claim 1 is distinguished therefrom by the following two 
features: 

- the beads of one reagent is distinguishable from the beads of another reagent, 

- the said beads are analyzed by flow cytometry. 

The technical effect of these distinguishing features results in the simultaneously 
determination of the identity of each bead analyzed, thus determining the identity 
of the target nucleic acids bound on it, and the quantification of the amount of the 
said known target nucleic acids, bound to the said bead. 
The technical problem to be solved by the invention was therefore to provide a 
method allowing the determination of the level of expression of specific nucleic 
acids from two samples. 

Document D4 discloses a method for monitoring expression based on the use of 
subsets of beads, each subset having attached thereto capture oligonucleotides of 
a unique sequence, and- being distinguishable from the other subset of beads by 
flow cytometry, thus allowing simultaneous detemnination of the identity of the 
subset of beads and quantification of the amount of nucleic acids bound (see 
page 9, line 4 to page 1 0, line 24). 

However, document D4 does not disclose that the above mentioned beads can be 
used to detennine the level of expression of nucleic acids from two different 
samples. D4 does not disclose that the two nucleic acids from the two samples 
are labelled with two different markers, thus allowing to determine the ratio of the 
two analytes bound to one subset of beads. 

Thus, as the solution to the above mentioned problem is not disclosed nor 
suggested in D3 when taken alone or in combination with the other cited 
documents, the subject-matter of claim 1 involves an inventive step in the sense 
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of Article 33(3) PCT. 

The same applies to dependent claims 2 to 15. 

5. Additional note: 

it would appear that : 

- if the claimed priority date (12.03.99) is not valid or 

- if the said date is valid but if the publication date of D1 (March 99) is prior to the 
said date, 

document D1 would be relevant and the following would apply: 

The closest prior art would result from document D1 . 
The said document discloses "suspension arrays" which are an alternative to 
DNA-arrays used in methods for monitoring expression (see abstract). 
The method for monitoring expression disclosed in D1 consist of providing 
amplimers which are labelled with different fluorescent labels (page 17, lines 5-9). 
The said amplimers are mixed to a population of microbeads which are labelled 
with different fluorescent markers attached to the beads (distinguishable beads) 
(page 16, right column, second paragraph, lines 5-7). The said beads carrying a 
population of oligonucleotides, wherein each population of beads carries one 
specific oligonucleotide (page 1 7, left column, lines). After hybridization, the beads 
are analysed by flow cytometry (Abstract and page 17, left column, line 13-24). 

The subject-mater of claim 1 is distinguished therefrom by the following feature: 
nucleic acids from two sources are provided. 

The technical effect of this distinguishing feature results in comparing the relative 
expression of each nucleic acid. 

The technical problem to be solved by the invention was therefore to provide a 
method for comparative assessment of the level of specific nucleic acid 
sequences from different sources. 

The person skilled in the art would turn to document D2 for the solution of this 
particular problem. 

Document D2 discloses quantitative monitoring of gene expression patterns with a 
complementary DNA micro-array wherein differential gene expression of two 
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mRNA from two sources is compared. The said mRNA, labelled with two different 
fluorescent labels, are mixed and hybridized to a single array. The level of 
expression of each mRNA is then measured by carrying out a fluorescent-specific 
scan (measuring the intensity of fluorescence of each label) of the same array 
(see page 468, column 2, line 10 to column 3, line 27). 
Thus, the skilled person would have adapted the solution disclosed in D2 
(hybridizing two nucleic acids to the same single array) to microbeads to solve the 
above mentioned problem without the exercise of any inventive skill. 

Therefore, if document D1 would appear to be relevant, the subject-matter of 
claim 1 would not meet the requirements of Article 33(3) PCT. 

Re Item VI 

Certain documents cited 

1 . The priority documents of the present application were not available at the time 
that this report was written. Consequently, the documents cited as P'Y' in the 
I.S.R. may become pertinent to some or all of the claims at a later stage of the 
procedure. 
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International filing date (day/month/year) 
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(Earliest) Priority Date (day/month/year) 
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Applicant 
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This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
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This International Search Report consists of a total of a 

(X| It is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless othenwise indicated under this item. 



the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

With regard to any nucleotide and/or amino add sequence disclosed in the international application, the international search 

was carried out on the basis of the sequence listing : 

I I contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
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I I the text has been established by this Authority to read as follows: 
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pC] the text is approved as submitted by the applicant. 
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within one month from the date of mailing of this international search report, submit comments to this Authority. 

The figure of the drawings to be published with the abstract is Figure No. 
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I I because the applicant failed to suggest a figure. 
I I because this figure better characterizes the invention. 
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^ Ecran de visualisation a fonction electroacoustique integree. 



^7) L invention concerne un ecran de visualisation 2 dont la 
surface est actionnee par un ou plusieurs moieurs de hauts 
parleurs 4, 4.1 , 4.2. 4.3 

Un tel 6cran integre ainsi la fonction de reproduction elec- 
troacoustique. 

Aoplications : recepteur TV a vision directe ainsi que televi- 
sion par projection ou par retroprojection. 
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ECBAN DE VISUALISATION A FONCTION 
ELECTROACOUSTIQUE INTEGREE 

L*invention concerne un ecran de visualisation k 
fonction electroacoustique Integree. 

Dans les televiseurs, la surface frontal© du coffret 
offr© p©u d© possibilito d*y loy©r des hauts parl©urs de quallte 
5 suffisante pour une reproduction electroacoustique 
satisfaisante. NeanmoLns, compte tenu du grand volume du 
coffret abritant le tube cathodlque, des hauts parleurs de 
dimensions ©t de quallte modestes montes dans ce type 
d'enceLntes acoustlques procurent une reproduction acoustlque 

10 convenable au moins pour la parole. On remarquera qu*& moins 
que la surface frontal© du televiseur ne soit considerablement 
agrandie pour permettre I'lnstaLlation de hauts parleurs de 
quallte, ou que Von utilise des hauts parleurs exterieurs, le 
spectateur ne benefici© pas de la quallte acoustique 

15 potentieUement dlsponlble dans Je signal audio. La deficience 
d© reproduction acoustlque est partlcuiierement sensible dans le 
reglstre grave, ou, pour une presslon acoustique donnee, et une 
excursion de la membrane d'amplitude donnee, la surface de 
membrane du haut parleur doit etre inversement proportionnelle 

20 carre de la frequence. Alnsi, un haut parleur de diametre 10 

cm, assurant une reproduction convenable k 150 Hz devrait voir 
son diametre porte k 30 cm, avec la menie excursion, pour 
roprodulr© au meme niveau la frequence de 50 hz. Sauf cas tres 
partlcuUer, un haut parleur de 30 cm de diametre n'est jamais 

25 Int6gr6 k un televiseur. 

Le probleme se pose done de trouver une grande 
surface frontale disponible dans un televiseur. La solution 
propose© conslste k utUlser la surface de Tecran elle-meme. 

C*est potirquoi I'inventlon concerne un ecran de 

30 visualisation k fonction electroacoustique Integree caracterise 
en ce qu*il comporte des moyens de commande (4, 44, 47, 49) 



BNSDOCID -FR :;649575A1 I 



2649575 



permettant de lui Lmprimer des vibrations k des frequences 
acoustlques, des moyens de suspension 48 permettant de reller 
I'ecran 4 un support fixe. 

Les differents objets et caracteristiques de 
5 i^invention apparaitront plus ciairement dans la description qui 
va suivre faite titre d'exemple en se reportant aux figures 
annexGGs qui representent : 

- les figures 1 et 2, un exemple de realisation de 
i^inventlon applique a un poste de television ; 

10 - la figure 3, un exemple de realisation de moteur de 

commande du dispositif des figures 1 et 2 ; 

- les figures 4 et 5, un autre exemple de realisation 
de iMnvention applique a un poste de television ; 

la figure 6, un exemple de realisation de 
15 I'invGntion applique a un retroprojecteur ; 

- les figures 7 et 8, un exemple de realisation de 
I'invention applique a un systeme de projection sur ecran ; 

- la figure 9, un exemple de realisation i'un moteur 
de commande a inertie ; 

20 - les figures 10, 11 et 12, un exemple de realisation 

de I'invention applique k un ecran plat du type ecran a cristal 
liquide, a plasma, ou a diodes electroluminescentes, 

Les televiseurs cathodlques k vision directe sont 
aujourd'hui les plus repandus. Compte tenu de la masse, de sa 

25 fixation au coffret et de sa sensibilite aux vibrations, le tube 

cathodique ne peut voir son ecran actionne par un moteur de 
haut parleur. Selon Tinvention on prevoit devant I'ecran du 
tube cathodique un panneau transparent, ou legerement 
absorbant (10 a 30 % d'absorption par exemple . pour 

30 ramelloration du contraste), actionne par un ou plusieurs 

moteurs de hauts parleurs places k sa peripherle. 

Des Gxemples de mise en oeuvre sont donnes, a titre 
non limitatif. 

Les figures 1 et 2 representent un exemple de 
realisation d'un poste de televis; n. La vue de face de la 
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figure 1 montre la vug generate du poste de television avec un 
6cran 2 reUe au coffret 1 du poste par un joint souple 5. Le 
tube cathodiqu© 3 est visible k travers I'ecran 2. Des 
electro-amiants 4, 4.1, 4.2, 4.3 permettent de faire agir 
I'ecran 2 en membrane de haut parieur. 

Sur la figure 2 representant en coupe le televiseur de 
la figure 1 on volt I'ecran 2 situe devant Je tube a rayons 
cathodiques 3 et commande par au moins un electro-amiant 4 (ou 
moteur). Un blindage 6 entoure le tube a rayons cathodiques 3 
pour I'lsoler des effets magnetiques des moteurs 
(electro-amiants) tels que 4. 

La figure 3 represente un moteur tel que les moteurs 4 
ou 4,1, 4.2, 4.3. des figures 1 ou 2. 

Les moteurs consideres sont ceux des hauts parleurs 
electrodynamiquGs conventionnels. Un champ magnetique radial 
est cree perpendiculairement k la surface d'une bobine mobile 
cylindriquG, soumise aux courants engendres par le signal .audio, 
cettG bobine est solidaire de I'ecran transparent, et fixee en 
un point a sa peripherie. Les quatre bords de I'ecran sont 
rendus solidaires du coffret par un joint souple, de type tissus 
en polymere (caoutchouc synthetique) gauffre ou roule, de 
technologie semblable a celie des suspensions externes des hauts 
parleurs electrodynamiques. 

L'ecran 2 est realise de preference en polymere 
transparent, de type PMMA, ou TPX, encore plus leger, et 
presentant A la fois des pertes mecaniques et une rigidite 
sup^rleurs . 

Afin de symetriser la contrainte appLiquee k I'ecran 
transparent, plusleurs moteurs de hauts parleurs peuvent etre 
utilises A sa peripherie ; dans tous les cas, les frequences 
audio (frequences acoustiques) reprodultes par cet ecran 
n'excederont pas quelques centalnes de Hertz. Les frequences 
superieures seront reprodultes par un ou plusieurs hauts 
parleurs de petites dimensions. 
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La figure 4 represente un exemple de realisation dans 
iequel I'ecran 2 possede des rebords ou des prolongements 20, 
21 qui sont rabattus a 90° par rapport k la surface de Tecran. 
Sur ces prolongements 20, 21 sont realises des conducteurs 49, 
5 49' qui font le tour de I'ecran. Les prolongements 20, 21 sont 

situes entre des almants 44. 44'. 

Les moteurs conslderes sont derives de ceux des hauts 
parleurs k ruban. Le ou les conducteurs 49, 49' soumls au 
courant audio sont deposes directement, par evaporation, 
10 proceHe electrochimique ou autre, sur I'ecran transparent, et k 

sa peripherie. 

Ainsl, les conducteurs sont soumls k un champ 
magnetique tel qu'un courant circulant dans ces conducteurs 
entraine un displacement de I'ecran 2 perpendiculairement A son 
^5 plan. Le moteur a une longueur Inferieure ou egale k la longueur 

du bord de I'ecran qu'U anime. Quatre moteurs de ce type (un 
par cote de I'ecran) par exemple, peuvent etre mis en oeuvre 
pour actionner les quatre bords de I'ecran ; dans ce cas, les 
conducteurs peuvent etre continus d'un moteur ^ I'autre. On 
20 obtient alors un agencement tel que represente en figure 5. 

I.es moteurs de hauts parleurs utilises seront k 
faibles fuites magnetlques et/ou le tube cathodique sera blinde 
magnetiquement. 

En se reportant aux figures 6 a 8, on va maintenant 
25 decrlre un exemple de realisation de I'inventlon applique k des 

televiseurs k projection de I'lmage. 

Dans ce type de televiseurs, c'est reellement I'ecran 
de visualisation, sur Iequel s'effectue la projection, qui 
constitue le dlaphragme du haut parleur, et non pas un ecran 
30 transparent place devant I'ecran cathodique fixe du tube k 

vision dlrecte. 

La figure 6 represente I'appllcation de I'inventlon k 
un appareil a retroprojection . 

La source d'images trichromes 7 est habitueUement 
constituee de trois tubes cathodiqu rouge, vert, bleu, ou de 
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trois valves cristaux Uquides, munis respectlvement de 
f litres, rouge, vert, bleu et eclalres par une meme source 
lumineuse. Tous les modes de projection d'images sont Indus 
dans le dlspositlf represents en figure 6 (balayage et 
5 modulation de falsceaux lasers ...)•■ structures compactes de 

rStroproJecteurs sont obtenues par repllements des falsceaux 
lumlneux A Talde d'un ou piusieurs mlrotrs 8, 8' (voir figure 
6). 

L'Scran de visualisation (2) regolt leg falsceaux 
10 lumineux de Tarrlere et le diffuse I'avant dans un champ 

anguiaire dellmlte (ecran directlf ou ecran ^ gain). 

Cet ecran est constltue de une ou deux feuilles de 
polymere transparent moulees, et porte en general sur sa face 
avant un reseau de lentllles semi cylindrlques vertlcalea et A 
15 Tarriere une lentille de Fresnel. 

Selon I'lnvention les techniques utlllsees pour donner 
k cet ecran la fonctlon de dlaphragme electroacoustlque sont les 
memes que precedemment. L'ecran 2 est commande par des 
moteurs 4, 4' commandes par un signal audio. L'ecran 2 fait 
20 alors office de membrane de haut parleur. 

On notera que les excursions de I'ecran 
perpend Iculalrement A son plan sont faibles (0,1 6 0,5 mm) 
devant la distance de mise au point (1 metre ou plus) ; les 
vibrations de I'ecran n'entrainent done pas d'effets visibles 
25 sur Timage. D© plus, les contraintes sur les fuites magnetiques 

des moteurs des hauts parleurs ' et/ou de blindage du tube 
cathodique sont fortement diminuees dans le cas du 
retroprojecteur, du fait des distances moteurs-tubes. 

Enfin, U est avantageux de traiter le coffret du 
30 retroprojecteur comme une enceinte acoustlque : absorbants sur 

les faces internes, rigldlflcatlon des parois, accord de 
I'encelnte, solt en mode clos, solt en mode bass reflex avec 
Events (orifice de decompression 10) . 

Les figures 7 et 8 representent un televiseur A 
projection frontale. 
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Dans cG cas, le projecteur de television 7 et i*ecran 
2 sont separes. lis sont disposes comme le sont Tecran et le 
projecteur de diapositlves ou de cinema. Le dlspositlf de 
I'inventlon ne peut s^appUquer que si Tecran 2 possede une 
5 certaine rigidite, ou est monte sur un cadre ; 11 n*est pas 

possible en effet d'actionner en diaphragme de haut parleur un 
ecran de tissu enduit, suspendu par*le bord superleur. 

Les ecrans de projection en television frontale sont 
souvent rlgides, et epousent des formes concaves non 
10 developpables (portions de paraboloides) . De teUes formes 

conferent a ces ecrans des proprietes de directivlte. 
necessaires a ce que la luminance atteigne un niveau suffisant 
dans le champ angulaire de vision. Ces ecrans peuvent etre 
actionnes en diaphragmes de hauts parleurs selon les techniques 
J 5 suivantes. On notera que contrairement aux cas precedents, 

Tecran est reflecteur ; le, ou les moteurs de hauts parleurs 
peuvent etre disposes k Tarrlere de I'ecran, et non 
necessairement a sa periphcrie, comme precedemmen^ . 

Lorsque Tecran rigide est fixe sur son cadre, comme 
20 cela est represente en figure 7, la liaison de I'ecran au cadre 

est effectuee a Taide de joints souples 11, 12, 13, 14, 
necessaires a i'excursion de I'ecran fonctlonnant en diaphragme 
de haut parleur. La boblne mobUe d'un haut parleur 4 en 
technologie conventionnelle est rendue solldalre de I'ecran, par 
25 exemple en son centre ; I'armature de ce moteur est fixee au 

cadre support, D'autres configurations sont possibles, en 
partlculier celles ou toutes les liaisons de I'ecran avec son 
cadre sont effectuees par des moteurs de hauts parleurs. Sur la 
figure 6 tous les joints souples 11 h 14 sont alors remplaces 
30 par des moteurs de hauts parleurs fonctlonnant en phase et ou 

le moteur central peut etre supprime. 

On notera qu'un tel haut parleur fonctlonne comme une 
membrane non baffles, de grande surface, et qu'U s'agit d'une 
des configurations preferees en reproduction electroacoustique 
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de ires haut de ganune (Incluant des hauts parleurs 
electrostatiquGs et electromagnetiques a rubans larges) . 

LorsquG I'ecran rigide est suspendu k un mur, conune 
cela est represente en figure 8 par son bord superieur, & Taide 
5 ^ d*un6 suspension 10, ce sont les points de contact de I'ecran 

avec Ig mur 9 qui portent les joints souples et/ou le ou les 
moteurs de haut parieur 4. 

L'lnvention permet egalement d'utUlser des moteurs ^ 
Inertle tel que representes en figure 9. 

10 Les moteurs & Inertie peuvent etre fixes directement 

sur la face arrl^re de I'ecran 2, sans points d'appui. lis 
fonctionnent sur le principe "action de Tequipage mobile 50, 
51, reaction de I'ecran support", par egalite des quantites de 
mouvement : m V = ~ W V , m est la masse de I'equipage mobile 

15 (actionne par le courant audio) et v sa vitesse, M masse de 

I'ecran et V sa vitesse. Ces moteurs sont tres efficaces aux 
frequences inferleures a quelques centaines de Hz, ou ils 
excltent les modes de resonance de coque ou de plaque de 
I'ecran ; ceux-ci seront amortis par les techniques usuelles 

20 (masses Inertlelles placees aux centres de vibration, joints 

avec le support de i'ecran realises en materiaux souples et 
absorbants ....)• 

Enfin, I'invention est egalement applicable k des 
Gcrans plats que ceux-ci fonctionnent en emission lumineuse 

25 (crlstaux liquldes transLUumines, plasma, electrolumlnescense 

.,..) ou en reflexion (cristaux liqufdes en reflexion, 
electrochromes . . . ) • 

La figure 10 represente un dispositif comportant un 
ecran transparent 3 actionne par des moteurs de hauts parleurs 

30 peripheriques, comme en figure 1, et place devant un ecran plat 

30. 

La figure 11 represente un dispositif dans lequel 
I'ecran plat 30 peut etre actionne par ou ou plusieurs moteurs 
de hauts parleurs 4 solidalres d'un cadre 32, ou en appui a un 
mur et relle a ce cadre par des joints souples 31. 
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La figure 12 represente un dlspositlf dans lequel 
I'ecran plat 30 est actionne par un ou plusleurs moteurs k 
Inertie 4 qui lui sont soUdalres. 

II est bien evident que la description qui precede a 
5 ete faite qu'^ titre d'exemple non limitatif et que d'autres 

variantes peuvent etre envisagees sans sortir du cadre de 
^Invention. 

10 



15 



20 



25 
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REVENDICATIONS 



1. Ecran de visualisation & fonction electroacoustlque 
integr^e caract^rlse en ce qu'll comporte des moyens de 
commande (4, 44, 47, 49) permettant de lui imprlmer des 
vibrations 6 des frequences acoustlques, des moyens de 

5 suspension 48 permettant de reller I'ecran k un support fixe. 

2. Ecran selon la reven«Ucatlon 1, caracterise en ce 
qu'U comporte au moins un electro-almant recevant un signal 
electrlque 4 des frequences acoustlques et possedant une 
armature mobile solldaire de Tecran. 

10 3. Ecran selon la revendlcatlon 1 caracterise en ce 

qu'U est en materlau transparent ou quasi- transparent, et qu'il 
est place devant le tube d rayons cathodiques d'un poste de 
television, les moyens de commande etant places d la peripheric 
de Tecran. 

15 4. Ecran selon la revendlcatlon 3, caracterise en ce 

qu*iJ comporte des moyens de blindage magnetlque (6) entourant 
Je tube k rayons cathodiques isolant celui-ci des 
elpotro-almants . 

5. Ecran selon la revendlcatlon 2, caracterise en ce 
20 qu*ll comporte au moins un aimant permanent fixe (44) et que 

I'armature mobile porte un bobinage susceptible d'etre parcouru 
par un courant de commande k des frequences acoustlques. 

6. Ecran selon la revendlcatlon 5, caracterise en ce 
que I'armature mobile est un prolongement (20, 21) de I'ecran 2 

25 repUe senslblement k 90° par rapport au plan de I'ecran et que 

ce prolongement (20, 21) porte des flls electrlques constituant 
un bobinage susceptible d'etre parcouru par un courant 
61ectrique k frequence acoustlque. 

7. Ecran selon la revendicatlon 6, caracterise en ce 
3Q que les quatre bords de I'ecran (2) sont replies 90° et que 

les prolongements replie? sont sltues entre des aimants. 
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8. Ecran s9lon la revendication 1, caracterise en ce 
que I'ecran est un ecran de projection couple k un support par 
un ou plusleurs transducteurs electroacoustiques . 

9. Ecran selon la revendlcatlon 1, caracterise en ce 
5 que Tecran est un ecran plat de visualisation du type & 

crfstaux liquids, a plasma ou k diodes electroluminescentes . 

10. Ecran selon la revendlcatlon 1, caracterise en ce 
que i'ecran est l*ecran d'un retroprojecteur comportant des 
moyens de commande permettant d'lraprlmer k I'ecran des 

iO vibrations a des frequences acoustiques I'enceinte du 

retroprojecteur constituent la cavite acoustique accordee. 
couplee a I'ecran qui constitue ainsi la membrane acoustique de 
haut parleur. 

11. Ecran selon la revendication 1, caracterise en ce 
[5 que les moyens de commande sont des moteurs a inertie 

soiidaires de I'ecran, I'ecran pouvant etre un ecran de 
projection, de retroprojection ou un ecran plat de visualisation. 

20 



25 



30 
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5 TITLE: 

LOUDSPEAKERS COMPRISING PANEL-FORM ACOUSTIC RADIATING ELEMENTS 



DESCRIPTION 



15 TECHNICAL FIELD 

The invention relates to loudspeakers and more 
particularly to loudspeakers comprising panel-form acoustic 
radiating elements . 

BACKGROUND ART 

20 It is known from GB-A-2262861 to suggest a panel-form 

loudspeaker comprising :- 

a resonant multi-mode radiator element being a unitary 
sandwich panel formed of two skins of material with a 
spacing core of transverse cellular construction, wherein 
25 the panel is such as to have ratio of bending stiffness 
(B), in all orientations, to the cube power of panel mass 
per unit surface area (/x) of at least 10; 

a mounting means which supports the panel or attaches 
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to it a supporting body, in a free undamped manner; 

and an electro-mechanical drive means coupled to the 
panel which serves to excite a multi-modal resonance in the 
radiator panel in response to an electrical input within a 
5 working frequency band for the loudspeaker. 

DISCLOSURE OF INVENTION 
Embodiments of the present invention use members of 
nature, structure and configuration achievable generally 
and/or specifically by implementing teachings of our co- 
10 pending PCT application no, (our case P. 5711) of even date 
herewith. Such members thus have capability to sustain and 
propagate input vibrational energy by bending waves in 
operative area(s) extending transversely of thickness often 
but not necessarily to edges of the member (s); are 
15 configured with or without anisotropy of bending stiffness 
to have resonant mode vibration components distributed over 
said area(s) beneficially for acoustic coupling with 
ambient air; and have predetermined preferential locations 
or sites within said area for transducer means, 
20 particularly operationally active or moving part(s) thereof 
effective in relation to acoustic vibrational activity in 
said area{s) and signals, usually electrical, corresponding 
to acoustic content of such vibrational activity. Uses are 
envisaged in co-pending International application No. (our 
25 file P. 5711) of even date herewith for such members as or 
in "passive" acoustic devices without transducer means, 
such as for reverberation or for acoustic filtering or for 
acoustically "voicing" a space or room; and as or in 
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"active" acoustic devices with transducer means, such as in 
a remarkably wide range of sources of sound or loudspeakers 
when supplied with input signals to be converted to said 
sound, or in such as microphones when exposed to sound to 
5 be converted into other signals . 

This invention is particularly concerned with active 
acoustic devices in the form of loudspeakers. Members as 
above are herein called distributed mode acoustic radiators 
and are intended to be characterised as in the above PCT 
10 application and/or otherwise as specifically provided 
herein. 

According to the invention a panel-form loudspeaker 
comprises a resonant multi-mode acoustic radiator, drive 
means mounted to the radiator to excite multi-mode 
15 resonance in the radiator, and a baffle surrounding and 
supporting the radiator. A resilient suspension may be 
interposed between the radiator and the surround. The 
resilient suspension may be of an elastomeric material such 
as rubber and may be sponge-like, e.g. foamed rubber. 
20 The baffle may be substantially planar or may be in 

the form of an enclosure, e.g. a box-like enclosure. The 
baffle may be of any suitable rigid material, e.g. medium 
density fibreboard. When the baffle is formed into an 
enclosure it may be of so-called 'infinite baffle' form or 
25 may be ported. 

The transducer may be mounted wholly and exclusively 
on the radiator. 

The enclosure may comprise a rear box portion adapted 
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to be buried in a wall or the like surface and a front box 
portion adapted to project from the wall or the like. The 
radiator may comprise a lightweight core separating a pair 
of higher modulus lightweight skins. 
5 A subwoofer, which may be a conventional cone driver, 

and/or a tweeter, which may be of known construction, may 
be mounted to the baffle. 

BRIEF DESCRIPTION OF DRAWINGS 
The invention is diagrammatically illustrated, by way 
10 of example, in the accompanying drawings, in which:- 

Figure 1 is a diagram showing a distributed-mode 
member as described and claimed in our co-pending 
International application No... (our case P. 5711) of even 
date herewith; 

15 Figure 2a is a partial section on the line A-A of 

Figure 1; 

Figure 2b is an enlarged cross-section through a 
distributed mode radiator of the kind shown in Figure 2a 
and showing two alternative constructions; 
20 Figure 3 is a diagram of a first embodimenr of 

distributed-mode loudspeaker according to the present 
invention; 

Figure 4a is a perspective view of a second embodiment 
of distributed-mode loudspeaker according to the present 
25 invention; 

Figure 4b is a partial cross-sectional view of the 
loudspeaker of Figure 4a; 

Figure 5a is a perspective view of a third embodiment 
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of distributed-mode loudspeaker according to the present 
invention, and 

Figure 5b is a partial cross-sectional view of the 
loudspeaker of Figure 5^. 
5 BEST MODES FOR CARRYING OUT THE INVENTION 

Referring to Figure 1 of the drawings, there is shown 
a panel-form loudspeaker (81) of the kind described and 
claimed in our co-pending International application No. 
(our case P. 5711) of even date herewith comprising a 
5 rectangular frame (1) carrying a resilient suspension (3) 
round its inner periphery which supports a distributed mode 
sound radiating panel (2). A transducer (9) e.g as 
described in detail with reference to our co-pending 
International applications Nos. (our cases P. 5683/4/5) of 
10 even date herewith, is mounted wholly and exclusively on or 
in the panel (2) at a predetermined location defined by 
dimensions x and the position of which location is 

calculated as described in our co-pending International 
application No. (our case P. 5711) of even date herewith, 
15 to launch bending waves into the panel to cause the panel 
to resonate to radiate an acoustic output. 

The transducer (9) is driven by a signal amplifier 
(10), e.g. an audio amplifier, connected to the transducer 
by conductors (28). Amplifier loading and power 

20 requirements can be entirely normal, similar to 
conventional cone type speakers, sensitivity being of the 
order of 86 - 88dB/watt under room loaded conditions. 
Amplifier load impedance is largely resistive at 6 ohms. 
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power handling 20-80 watts. Where the panel core and/or 
skins are of metal, they may be made to act as a heat sink 
for the transducer to remove heat from the motor coil of 
the transducer and thus improve power handling. 
5 Figures 2a and 2b are partial typical cross-sections 

through the loudspeaker (81) of Figure 1. Figure 2a shows 
that the frame (1), surround (3) and panel (2) are 
connected together by respective adhesive-bonded joints 
(20) . Suitable materials for the frame include lightweight 

10 framing, e.g. picture framing of extruded metal e.g. 
aluminium alloy or plastics. Suitable surround materials 
include resilient materials such as foam rubber and foam 
plastics. Suitable adhesives for the joints (20) include 
epoxy, acrylic and cyano-acrylate etc. adhesives. 

15 Figure 2b illustrates, to an enlarged scale, that the 

panel (2) is a rigid lightweight panel having a core (22) 
e.g. of a rigid plastics foam (97) e.g. cross linked 
polyvinylchloride or a cellular matrix (98) i.e. a 
honeycomb matrix of metal foil, plastics or the like, with 

20 the cells extending transversely to the plane of the panel, 
and enclosed by opposed skins (21) e.g. of paper, card, 
plastics or metal foil or sheet. Where the skins are of 
plastics, they may be reinforced with fibres e.g. of 
carbon, glass, Kevlar (RTM) or the like in a manner known 

25 per se to increase their modulus. 

Envisaged skin layer materials and reinforcements thus 
include carbon, glass, Kevlar (RTM), Nomex (RTM) i.e. 
aramid etc. fibres in various lays and weaves, as well as 
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paper, bonded paper laminates, melamine, and various 
synthetic plastics films of high modulus, such as Mylar 
(RTM), Kaptan (RTM) , polycarbonate, phenolic, polyester or 
related plastics, and fibre reinforced plastics, etc, and 
5 metal sheet or foil. Investigation of the Vectra grade of 
liquid crystal polymer thermoplastics shows that they may 
be useful for the injection moulding of ultra thin skins or 
shells of smaller size, say up to around 30cm diameter. 
This material self forms an orientated crystal structure in 
10 the direction of injection, a preferred orientation for the 
good propagation of treble energy from the driving point to 
the panel perimeter. 

Additional such moulding for this and other 
thermoplastics allows for the mould tooling to carry 
15 location and registration features such as grooves or rings 
for the accurate location of transducer parts e.g. the 
motor coil, and the magnet suspension. Additional with 
some weaker core materials it is calculated that it would 
be advantageous to increase the skin thickness locally e.g. 
20 in an area or annulus up to 150% of the transducer 
diameter, to reinforce that area and beneficially couple 
vibration energy into the panel. High frequency response 
will be improved with the softer foam materials by this 
means . 

25 Envisaged core layer materials include fabricated 

honeycombs or corrugations of aluminium alloy sheet or 
foil, or Kevlar (RTM) , Nomex (RTM) , plain or bonded papers, 
and various synthetic plastics films, as well as expanded 
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or foamed plastics or pulp materials, even aerogel metals 
if of suitably low density. Some suitable core layer 
materials effectively exhibit usable self -skinning in their 
manufacture and/or otherwise have enough inherent stiffness 
5 for use without lamination between skin layers. A high 
performance cellular core material is known under the trade 
name 'Rohacell' which may be suitable as a radiator panel 
and which is without skins. In practical terms, the aim is 
for an overall lightness and stiffness suited to a 
10 particular purpose, specifically including optimising 
contributions from core and skin layers and transitions 
between them. 

Several of the preferred formulations for the panel 
employ metal and metal alloy skins, or alternatively a 

15 carbon fibre reinforcement. Both of these, and also 
designs with an alloy Aerogel or metal honeycomb core, will 
have substantial radio frequency screening properties which 
should be important in several EMC applications. 
Conventional panel or cone type speakers have no inherent 

20 EMC screening capability. 

In addition the preferred form of piezo and electro 
dynamic transducers have negligible electromagnetic 
radiation or stray magnet fields. Conventional speakers 
have a large magnetic field, up to 1 metre distant unless 

25 specific compensation counter measures are taken. 

Where it is important to maintain the screening in an 
application, electrical connection can be made to the 
conductive parts of an appropriate DML panel or an 
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electrically conductive foam or similar interface may be 
used for the edge mounting. 

The suspension (3) may damp the edges of the panel (2) 
to prevent excessive edge movement of the panel. 
5 Additionally or alternatively, further damping may be 
applied, e.g, as patches, bonded to the panel in selected 
positions to damp excessive movement to distribute 
resonance equally over the panel. The patches may be of 
bitumen-based material, as commonly used in conventional 

10 loudspeaker enclosures or may be of a resilient or rigid 
polymeric sheet material. Some materials, notably paper 
and card, and some cores may be self -damping. Where 
desired, the damping may be increased in the construction 
of the panels by employing resiliently setting, rather than 

15 rigid setting adhesives. 

Effective said selective damping includes specific 
application to the panel including its sheet material of 
means permanently associated therewith. Edges and corners 
can be particularly significant for dominant and less 

20 dispersed low frequency vibration modes of panels hereof. 
Edge-wise fixing of damping means can usefully lead to a 
panel with its said sheet material fully framed, though 
their corners can often be relatively free, say for desired 
extension to lower frequency operation. Attachment can be 

25 by adhesive or self-adhesive materials. Other forms of 
useful damping, particularly in terms of more subtle 
effects and/or mid- and higher frequencies can be by way of 
suitable mass or masses affixed to the sheet material at 
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predetermined effective medial localised positions of said 
area. 

An acoustic panel as described above is bi- 
directional. The sound energy from the back is not 

5 strongly phase related to that from the front. 
Consequently there is the benefit of overall summation of 
acoustic power in the room, sound energy of uniform 
frequency distribution, reduced reflective and standing 
wave effects and with the advantage of superior 

0 reproduction of the natural space and ambience in the 
reproduced sound recordings. 

While the radiation from the acoustic panel is largely 
non-directional, the percentage of phase related 
information increases off axis. For improved focus for the 

5 phantom stereo image, placement of the speakers, like 
pictures, at the usual standing person height, confers the 
benefit of a moderate off-axis placement for the normally 
seated listener optimising the stereo effect. Likewise the 
triangular left/right geometry with respect to the listener 

0 provides a further angular component. Good stereo is thus 
obtainable . 

There is a further advantage for a group of listeners 
compared with conventional speaker reproduction. The 
intrinsically dispersed nature of acoustic panel sound 
5 radiation gives it a sound volume which does not obey the 
inverse square law for distance for an equivalent point 
source. Because the intensity fall-off with distance is 
much less than predicted by inverse square law then 
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consequently for off-centre and poorly placed listeners the 
intensity field for the panel speaker promotes a superior 
stereo effect compared to conventional speakers. This is 
because the off-centre placed listener does not suffer the 
5 doubled problem due to proximity to the nearer speaker; 
firstly the excessive increase in loudness from the nearer 
speaker, and then the corresponding decrease in loudness 
from the further loudspeaker. 

There is also the advantage of a flat, lightweight 

10 panel-form speaker, visually attractive, of good sound 
quality and requiring only one transducer and no crossover 
for a full range sound from each panel diaphragm. 

Figure 3 illustrates a first embodiment of distributed 
mode panel-form loudspeaker (81) generally of the kind 

15 shown in Figures 1 and 2 and in which the frame (1) is 
replaced by a baffle-board (6), e.g. of medium density 
fibreboard, having a rectangular aperture (82) in which a 
distributed mode radiator panel (2) is mounted with the 
interposition of a resilient suspension (3). A transducer 

20 (9) of the kind described in our co-pending International 
application Nos. (our cases P. 5683/4/5) of even date 
herewith is mounted wholly and exclusively on the panel (2) 
to vibrate the panel to cause it to resonate to produce an 
acoustic output. 

25 Such a baffle may have the effect of augmenting lower 

frequency response of the loudspeaker. 

Figure 4 illustrates a second embodiment of 
loudspeaker (81) according to the present invention. The 
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loudspeaker comprises a box-like enclosure (8) having a top 
(148), a bottom (149), opposed sides (150), a back (151) 
and a front (152). The front (152) of the enclosure (8) 
consists of a rigid lightweight distributed mode radiator 

5 panel (2) of the kind described with reference to Figures 
1 and 2 and comprising a core (22) enclosed by opposed 
skins (21). The panel (2) is supported in the enclosure 
(8) by means of a surrounding compliant suspension (17), 
e.g. a strip of latex rubber. An acoustic absorbing lining 

0 may be provided in the enclosure. 

A transducer (9) e,g, of the kinds shown in our co- 
pending International applications Nos. (our cases 
P. 5683/4/5) of even date herewith is mounted wholly and 
exclusively on the inwardly directed face of the panel (2) 

5 in a predetermined location as discussed in our co-pending 
International application No. (our file P. 5711) of even 
date herewith, to vibrate the panel to cause it to resonate 
to produce an acoustic output. 

The enclosure (8) may be formed with ports (109) e.g. 

0 in one side (150), to enhance bass performance of the 
loudspeaker. In any event, the use of the enclosure (8) 
will render the loudspeaker uni-directional , which may be 
desirable in some circumstances. 

Figure 5 illustrates a further embodiment of 

5 loudspeaker (81) according to the present invention and 
generally similar to that described above with reference to 
Figure 4. The loudspeaker comprises a box-like enclosure 
(8) consisting of a front box portion (52) having an open 
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back adapted to be mounted on a wall and aligned with a 
cavity (110) in the wall, e.g. in a stud-work wall, to 
reduce the depth of the loudspeaker enclosure while 
providing the benefits of a larger enclosure. The front 
5 face (51) of the front box consists of a rigid lightweight 
distributed mode radiator (2) comprising a core (22) 
enclosed by opposed skins (21). The panel (2) is supported 
in the enclosure (8) by means of a surrounding resilient 
suspension (17), e.g. of rubber latex strip. The 
10 loudspeaker is thus generally of the kind described with 
reference to Figures 1 and 2 above. 

A transducer (9), e.g. of the kind described with 
reference to our co-pending International application Nos. 
(our cases P. 5683/4/5) of even date herewith is mounted 
15 wholly and exclusively on the inwardly directed face of the 
panel (2) in a predetermined location as discussed in our 
co-pending International application No. (our ref P. 5711) 
to vibrate the panel to cause it to resonate to produce an 
acoustic output. 
20 INDUSTRIAL APPLICABILITY 

The loudspeakers of the present invention are 
relatively simple to make and can be made to have a 
relatively shallow depth, or apparently shallow depth, in 
comparison to conventional loudspeakers. The loudspeakers 
25 of the present invention have a wide angle of dispersion in 
comparison to conventional pistonic loudspeakers. Where 
the radiator panel is made from or is skinned with metal 
foil or sheet, the loudspeaker can be made to be shielded 
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against radio-frequency emissions. 
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CLAIMS 

1. A panel-form loudspeaker (81) comprising a resonant 
distributed mode acoustic radiator (2), and drive means (9) 
mounted to the radiator to excite distributed mode 

5 resonance in the radiator, characterised by a baffle (6,8) 
surrounding and supporting the radiator. 

2. A panel-form loudspeaker according to claim 1, 
characterised by resilient suspension (3,17) between the 
radiator (2) and the surround (6,8) to support the radiator 

10 in the baffle. 

3. A panel-form loudspeaker according to claim 1 or claim 
2, characterised in that the resilient suspension (3,17) is 
of an elastoraeric material . 

4 . A panel-form loudspeaker according to any one of 
15 claims 1 to 3, characterised in that the transducer (9) is 

mounted wholly and exclusively on the radiator (2) . 

5. A panel-form loudspeaker according to any preceding 
claim, characterised in that the baffle (8) is formed as an 
enclosure having an open backed front box portion (52) 

20 adapted to be mounted on a wall or the like. 

6. A panel-form loudspeaker according to claim 5, 
characterised in that the front box portion (52) is adapted 
to be mounted to align with a cavity (110) in the wall. 

7. A panel-form loudspeaker according to any preceding 
25 claim, characterised in that the radiator (2) comprises a 

lightweight core (22) separating a pair of high modulus 
lightweight skins (21). 

8. A panel-form loudspeaker according to any preceding 
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claim, characterised by a subwoofer mounted to the baffle 
(6,8) . 

9. A panel-form loudspeaker according to any preceding 

claim, characterised by a tweeter mounted to the baffle 
5 (6,8). 
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5 TITLE: 

LOUDSPEAKERS COMPRISING PANEL-FORM ACOUSTIC RADIATING ELEMENTS 



10 DESCRIPTION 



15 TECHNICAL FIELD 

The invention relates to loudspeakers and more 
particularly to loudspeakers comprising panel-form acoustic 
radiating elements . 

BACKGROUND ART 

20 It is known from GB-A-2262861 to suggest a panel-form 

loudspeaker comprising:- 

a resonant multi-mode radiator element being a unitary 
sandwich panel formed of two skins of material with a 
spacing core of transverse cellular construction, wherein 
25 the panel is such as to have ratio of bending stiffness 
(B) , in all orientations, to the cube power of panel mass 
per unit surface area (/x) of at least 10; 

a mounting means which supports the panel or attaches 
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to it a supporting body, in a free undamped manner; 

and an electro-mechanical drive means coupled to the 
panel which serves to excite a multi-modal resonance in the 
radiator panel in response to an electrical input within a 
5 working frequency band for the loudspeaker. 

There is a wide application for sound distribution 
using speakers in standard module form, interchangeable 
with commercial ceiling tiles, generally on a 600 x 600ram 
format, the objective being the even distribution of 

10 articulate speech and music over a large area. Some 
conventional moving coil drivers and panel derivatives are 
presently made for this application- 
Existing technology uses cone type moving coil 
speakers fitted into frames and acoustic baffles. While 

15 commonly used due to moderate cost and ready availability, 
these suffer from serious hot spot (excessive sound 
intensity) and directional effects and consequently poorer 
intelligibility off axis. Many units are required to give 
a uniform coverage over larger area, 

20 Another known development uses a cone type speaker 

where the 'cone' is a polystyrene structure with a flat 
front surface, which may be painted. Here a combination of 
additional moving coil drivers fitted to their diaphragm, 
the latter structured to shrink acoustically with 

25 increasing frequency, may give a wider radiation pattern 
than a conventional cone speaker. These polystyrene foam 
speaker units require chassis and acoustic baffles for 
mounting them in position. 
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DISCLOSURE OF INVENTION 
Embodiments of the present invention use members of 
nature, structure and configuration achievable generally 
and/or specifically by implementing teachings of our co- 
5 pending PCT application No. (our case P. 5711) of even date 
herewith. Such members thus have capability to sustain and 
propagate input vibrational energy by bending waves in 
operative area(s) extending transversely of thickness often 
but not necessarily to edges of the meraber(s); are 
10 configured with or without anisotropy of bending stiffness 
to have resonant mode vibration components distributed over 
said area{s) beneficially for acoustic coupling with 
ambient air; and have predetermined preferential locations 
or sites within said area for transducer means, 
15 particularly operationally active or moving part{s) thereof 
effective in relation to acoustic vibrational activity in 
said area(s) and signals, usually electrical, corresponding 
to acoustic content of such vibrational activity. Uses are 
envisaged in co-pending International application No. (our 
20 file P. 5711) for such members as or in "passive" acoustic 
devices without transducer means, such as for reverberation 
or for acoustic filtering or for acoustically "voicing" a 
space or room; and as or in "active" acoustic devices with 
transducer means, such as in a remarkably wide range of 
25 sources of sound or loudspeakers when supplied with input 
signals to be converted to said sound, or in such as 
microphones when exposed to sound to be converted into 
other signals. 
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This invention is particularly concerned with active 
acoustic devices in the form of loudspeakers the purpose of 
use in a suspended ceiling tile. 

Members as above are herein called distributed mode 
5 radiators and are intended to be characterised as in the 
said PCT application and/or otherwise as specifically 
provided herein. 

The invention is a ceiling tile for a suspended 
ceiling and incorporating a loudspeaker, characterised in 
10 that the tile is in the form of a distributed mode acoustic 
radiator, and by a transducer mounted wholly and 
exclusively on the radiator to vibrate the radiator to 
cause it to resonate. A resilient suspension may be 
disposed at the periphery of the radiator and by which the 
15 radiator is supported in the suspended ceiling. 

The radiator may be a stiff lightweight panel 
comprising a cellular core sandwiched by high modulus 
skins . 

BRIEF DESCRIPTION OF DRAWINGS 
20 The invention is diagrammatically illustrated, by way 

of example, in the accompanying drawings, in which: - 

Figure 1 is a diagram showing a distributed-mode 
loudspeaker as described and claimed in our co-pending 
International application No... (our case P. 5711); 
2 5 Figure 2a is a partial section on the line A-A of 

Figure 1; 

Figure 2b is an enlarged cross-section through a 
distributed mode radiator of the kind shown in Figure 2a 
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and showing two alternative constructions; 
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Figure 3a is a perspective diagram of a room 
incorporating a suspended ceiling, and 
5 Figure 3b is a cross-sectioned side view of an 

embodiment of distributed-mode loudspeaker according to the 
present invention in the form of a ceiling tile, 

BEST MODES FOR CARRYING OUT THE INVENTION 
Referring to Figure 1 of the drawings, there is shown 
a panel-form loudspeaker (81) of the kind described and 
claimed in our co-pending International application No. 
(our case P . 5711) of even date herewith comprising a 
5 rectangular frame (1) carrying a resilient suspension (3) 
round its inner periphery which supports a distributed mode 
sound radiating panel (2). A transducer (9) e.g as 
described in detail with reference to our co-pending 
International applications Nos. (our cases P. 5683/4/5) of 
10 even date herewith, is mounted wholly and exclusively on or 
in the panel (2) at a predetermined location defined by 
dimensions x and y, the position of which location is 
calculated as described in our co-pending International 
application No. (our case P. 5711) of even date herewith, 
15 to launch bending waves into the panel to cause the panel 
to resonate to radiate an acoustic output. 

The transducer (9) is driven by a signal amplifier 
(10), e.g. an audio amplifier, connected to the transducer 
by conductors (28) . Amplifier loading and power 

20 requirements can be entirely normal, similar to 
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conventional cone type speakers, sensitivity being of the 
order of 86 - 88dB/watt under room loaded conditions. 
Amplifier load impedance is largely resistive at 6 ohms, 
power handling 20-80 watts. Where the panel core and/or 

5 skins are of metal, they may be made to act as a heat sink 
for the transducer to remove heat from the motor coil of 
the transducer and thus improve power handling. 

Figures 2a and 2b are partial typical cross-sections 
through the loudspeaker (81) of Figure 1. Figure 2a shows 

0 that the frame (1), surround (3) and panel (2) are 
connected together by respective adhesive-bonded joints 
(20). Suitable materials for the frame include lightweight 
framing, e.g. picture framing of extruded metal e.g. 
aluminium alloy or plastics. Suitable surround materials 

5 include resilient materials such as foam rubber and foam 
plastics. Suitable adhesives for the joints (20) include 
epoxy, acrylic and cyano-acrylate etc. adhesives. 

Figure 2b illustrates, to an enlarged scale, that the 
panel (2) is a rigid lightweight panel having a core (22) 

0 e.g. of a rigid plastics foam (97) e.g. cross linked 
poiyvinylchloride or a cellular matrix (98) i.e. a 
honeycomb matrix of metal foil, plastics or the like, with 
the cells extending transversely to the plane of the panel, 
and enclosed by opposed skins (21) e.g. of paper, card, 

5 plastics or metal foil or sheet. Where the skins are of 
plastics, they may be reinforced with fibres e.g. of 
carbon, glass, Kevlar (RTM) or the like in a manner known 
per se to increase their modulus. 
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Envisaged skin layer materials and reinforcements thus 
include carbon, glass, Kevlar (RTM), Nomex (RTM) i.e. 
araraid etc, fibres in various lays and weaves, as well as 
paper, bonded paper laminates, melaraine, and various 
synthetic plastics films of high modulus, such as Mylar 
(RTM), Kaptan (RTM), polycarbonate, phenolic, polyester or 
related plastics, and fibre reinforced plastics, etc. and 
metal sheet or foil. Investigation of the Vectra grade of 
liquid crystal polymer thermoplastics shows that they may 
be useful for the injection moulding of ultra thin skins or 
shells of smaller size, say up to around 30cm diameter. 
This material self forms an orientated crystal structure in 
the direction of injection, a preferred orientation for the 
good propagation of treble energy from the driving point to 
the panel perimeter. 

Additional such moulding for this and other 
thermoplastics allows for the mould tooling to carry 
location and registration features such as grooves or rings 
for the accurate location of transducer parts e.g. the 
motor coil, and the magnet suspension. Additional with 
some weaker core materials it is calculated that it would 
be advantageous to increase the skin thickness locally e.g. 
in an area or annulus up to 150% of the transducer 
diameter, to reinforce that area and beneficially couple 
vibration energy into the panel. High frequency response 
will be improved with the softer foam materials by this 
means . 

Envisaged core layer materials include fabricated 
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honeycombs or corrugations of aluminium alloy sheet or 
foil, or Kevlar (RTM) , Nomex (RTM) , plain or bonded papers, 
and various synthetic plastics films, as well as expanded 
or foamed plastics or pulp materials, even aerogel metals 
5 if of suitably low density. Some suitable core layer 
materials effectively exhibit usable self-skinning in their 
manufacture and/or otherwise have enough inherent stiffness 
for use without lamination between skin layers. A high 
performance cellular core material is known under the trade 

10 name 'Rohacell' which may be suitable as a radiator panel 
and which is without skins. In practical terms, the aim is 
for an overall lightness and stiffness suited to a 
particular purpose, specifically including optimising 
contributions from core and skin layers and transitions 

15 between them. 

Several of the preferred formulations for the panel 
employ metal and metal alloy skins, or alternatively a 
carbon fibre reinforcement. Both of these, and also 
designs with an alloy Aerogel or metal honeycomb core, will 

20 have substantial radio frequency screening properties which 
should be important in several EMC applications. 
Conventional panel or cone type speakers have no inherent 
EMC screening capability. 

In addition the preferred form of piezo and electro 

25 dynamic transducers have negligible electromagnetic 
radiation or stray magnet fields. Conventional speakers 
have a large magnetic field, up to 1 metre distant unless 
specific compensation counter measures are taken. 
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Where it is important to maintain the screening in an 
application, electrical connection can be made to the 
conductive parts of an appropriate DML panel or an 
electrically conductive foam or similar interface may be 
5 used for the edge mounting. 

The suspension (3) may damp the edges of the panel (2) 
to prevent excessive edge movement of the panel. 
Additionally or alternatively, further damping may be 
applied, e.g. as patches, bonded to the panel in selected 

10 positions to damp excessive movement to distribute 
resonance equally over the panel. The patches may be of 
bitumen-based material, as commonly used in conventional 
loudspeaker enclosures or may be of a resilient or rigid 
polymeric sheet material. Some materials, notably paper 

15 and card, and some cores may be self -damping . Where 
desired, the damping may be increased in the construction 
of the panels by employing resiliently setting, rather than 
rigid setting adhesives. 

Effective said selective damping includes specific 

20 application to the panel including its sheet material of 
means permanently associated therewith. Edges and corners 
can be particularly significant for dominant and less 
dispersed low frequency vibration modes of panels hereof. 
Edge-wise fixing of damping means can usefully lead to a 

25 panel with its said sheet material fully framed, though 
their corners can often be relatively free, say for desired 
extension to lower frequency operation. Attachment can be 
by adhesive or self-adhesive materials. Other forms of 
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useful damping, particularly in terms of more subtle 
effects and/or mid- and higher frequencies can be by way of 
suitable mass or masses affixed to the sheet material at 
predetermined effective medial localised positions of said 
area . 

An acoustic panel as described above is bi- 
directional . The sound energy from the back is not 
strongly phase related to that from the front. 
Consequently there is the benefit of overall summation of 
acoustic power in the room, sound energy of uniform 
frequency distribution, reduced reflective and standing 
wave effects and with the advantage of superior 
reproduction of the natural space and ambience in the 
reproduced sound recordings. 

While the radiation from the acoustic panel is largely 
non-directional, the percentage of phase related 
information increases off axis. For improved focus for the 
phantom stereo image, placement of the speakers, like 
pictures, at the usual standing person height, confers the 
benefit of a moderate off-axis placement for the normally 
seated listener optimising the stereo effect. Likewise the 
triangular left/right geometry with respect to the listener 
provides a further angular component. Good stereo is thus 
obtainable . 

There is a further advantage for a group of listeners 
compared with conventional speaker reproduction. The 
intrinsically dispersed nature of acoustic panel sound 
radiation gives it a sound volume which does not obey the 
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inverse square law for distance for an equivalent point 
source. Because the intensity fall-off with distance is 
much less than predicted by inverse square law then 
consequently for off-centre and poorly placed listeners the 
5 intensity field for the panel speaker promotes a superior 
stereo effect compared to conventional speakers. This is 
because the off-centre placed listener does not suffer the 
doubled problem due to proximity to the nearer speaker; 
firstly the excessive increase in loudness from the nearer 
10 speaker, and then the corresponding decrease in loudness 
from the further loudspeaker. 

There is also the advantage of a flat, lightweight 
panel-form speaker, visually attractive, of good sound 
quality and requiring only one transducer and no crossover 
15 for a full range sound from each panel diaphragm. 

Figure 3 illustrates a ceiling tile (36) of the kind 
adapted to be supported in a grid-like suspended frame (99) 
to form a suspended ceiling, and which is formed as a 
loudspeaker (81) of the kind shown in Figures 1 and 2, that 
20 is to say comprising a stiff, lightweight multi-mode 
resonating panel (2) having a core (22) enclosed by skins 
(21) on both sides. The panel (2) is mounted at its 
periphery on a resilient suspension (3) of foam rubber 
which is supported on the frame (99). The suspension (3) 
25 may be attached to either the panel (2) or to the frame 
(99) by means of an adhesive, but the connection may be by 
gravity alone. The panel (2) carries a transducer (9), 
e.g. of the kind shown in Figures 7 to 12, to launch 
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bending waves into the panel to cause it to resonate to 
produce an acoustic output. The transducer (9) may be 
positioned on the panel as described in our co-pending 
International No. (our file P. 5711), 
5 In a preferred example of good quality the acoustic 

panel is made as an expanded polystyrene foam core of 
typically 100g/ra3 density, 8mra thick, skinned with hardened 
aluminium alloy skins of 0.1mm, A soft foam or felt strip, 
some 3mm thick is fixed to the perimeter to provide a 

10 partially compliant mounting when placed in the ceiling 
frames and also helps to suppress any possible vibration in 
the ceiling framing sections, 

A preferred form of excitations is a unitary moving 
coil inertial transducer with a 25mra or 38mm voice coil, 6 

15 ohms impedance, 40 watt power handling, with the coil 
bonded directly to the panel surface. A compact cup type 
magnet system enclosed and self sealing may also be bonded 
directly to the panel via a resilient decoupling ring 
chosen for its vibro-mechanical properties and dimensional 

20 stability. 

Depending on application, a low cost form ceiling tile 
can be made with a plastics foam cored paper faced board 
material, which may have a light alloy foil layer for fire 
retardancy, driven by low cost piezo vibration exciters, 

25 Reduced maximum sound levels are obtained, still more than 
sufficient for personnel announcements, voice overs and 
background music distribution. The wide area coverage is 
maintained . 
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When metallic or carbon conductive skins or cores are 
employed the speaker may be earth bonded or grounded to 
maintain EMC screening of an installed structure- 

TMPTTSTRIAL APPLICABILITY 
5 A ceiling tile loudspeaker according to the present 

invention does not require a frame, chassis, or acoustic 
baffle- The entire speaker panel is unitary and may be 
placed in position just like a passive decorative ceiling 
tile. The acoustic panel is relatively lightweight, 
10 reducing ceiling loadings and aiding installation. It may 
readily be made fire resistant. It can be decorated, 
painted or papered to render it invisible in a ceiling 
installation without significant acoustic impairment. 

Minor damage does not impair the performance as 
15 compared with the diaphragms of cone type speakers which 
are very fragile. Also important is the great advantage in 
sound distribution given by the acoustic panel speaker. 
Its combination of high intelligibility and wide angle 
coverage means that in a typical large area installation 
20 superior acoustic performance may be achieved with around 
half the number of conventional installed loudspeakers, 
with a great saving in installed cost. 
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CLAIMS 



10 



15 



1. A suspended ceiling tile incorporating a loudspeaker, 
characterised in that the tile comprises a distributed mode 
acoustic radiator, and by a transducer mounted wholly and 
exclusively on the radiator to vibrate the radiator to 
cause it to resonate. 

2. A suspended ceiling tile according to claim 1, 
characterised by a resilient suspension disposed at the 
periphery of the radiator to support the radiator in a 
suspended ceiling. 

3. A suspended ceiling tile according to claim 1 or claim 
2, characterised in that the radiator is a stiff 
lightweight panel comprising a cellular core sandwiched by 
high modulus skins. 

4. A suspended ceiling tile according to claim 3, 
characterised in that the cellular core is of foamed 
plastics . 

5. A suspended ceiling tile according to any preceding 
claim, characterised in that the transducer is an inertial 
vibration transducer. 
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RBSONAN'I' PANEL-FORM ACOUSTIC DBVICHS 



10 DESCRIPTION 



15 FIELD OF THE INVENTION 

This invention relates to acoustic devices and more 
particularly to resonant panel-form acoustic devices such 
as loudspeakers. 

BACKGROUND TO THE INVENTION 
20 International patent application WO97/09842 describes 

resonant panel-form acoustic devices now known as 
•distributed mode' or *DM' devices including loudspeakers. 

Particularly successful types and specific structures 
of transducers or vibration exciters for applying bending 
25 wave energy to panel-form members to cause resonance 
include those of so-called inertial nature. 

It has been of particular practical value in prior 
distributed mode loudspeaker applications for the vibration 
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exciters to be attached directly to loudspeaker panel 
members without need for additional support for the 
exciters. This practice is logical as well as successful 
in cases where the exciter mass is less than the mass of 
5 the panel member, including where the panel member is 
supported by local framing or some equivalent suspension. 
Also, such panel-suspended exciters have potential for 
beneficial resonance according to a second order 
characteristic effective to extend the low frequency 

10 response. A very difterent situation arises for much 
smaller distributed mode panel members, where a point can 
be reached at which panel member mass is of the same order 
or even less than that of the mass of the exciter, perhaps 
especially for electro-dynamic type exciters which have 

15 significant mass due to the magnet and magnet poles. 
Considerations of panel strength, resistance to impact 
shock etc. become important; and it is an object of this 
invention to provide a novel and advantageous solution. 

SUMMARY OF THE INVt::NTlQN 

20 According to the invention a resonant panel-form 

acoustic device comprises a resonant panel-form member and 
a vibration exciter mounted to the panel-form member to 
appjy bending wave energy thereto to cause the member to 
resonate to produce an acoustic output, wherein the 

25 vibration exciter is adapted to act as a carrier for the 
panel-form member. In this way the vibration exciter acts 
as a mount for the panel-form member, rather than the 
exciter being mounted on the panel-form member as was 



BNSDOCID- <WO 9965274AtJ_> 



PCT/GB99/01748 

3 

previously proposed. The vibration exciter may in turn be 
mounted on a host system, e.g. a loudspeaker stand or 
bracket or electronic apparatus such as a laptop computer. 

In one embodiment, a small light distributed mode 
5 panel member is effectively free other than for its 
association with the vibration exciter which constitutes 
the means of mounting/attachment of the complete 
loudspeaker assembly . 

Interestingly, for such a fixed or grounded vibration 

10 exciter, the high-pass function will now be first order, 
typically with a roll-off at about 6dB/octave; and the 
panel member design in respect of local acoustic loading 
and lowest bending frequency can usefully be adjusted to 
take this into account. There is, of course, clear benefit 

15 where low frequency roll-off of about 6dB/octave is a 
design objective. 

Although the invention provides that the structure of 
the vibration exciter affords basic support and stability 
for a resonant panel member, particularly for light-weight 

20 panel members, additional framing and/or suspension of the 
panel member may be provided if appropriate and desired, 
whether for stability or for defining/controlling desired 
vibration conditions in/for the panel member, or both, 
perhaps particularly in or as to contributions of 

25 peripheral /marginal regions, including from partial up to 
substantially full sealing of the panel member into a 
baffle. The availability of additional acoustic control by 
separating the front acoustic output from the rear acoustic 
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output of the panel may be beneficial in certain 
applications . 

BRIEF INTRODUCTION TO THE DRAWINGS 
Exemplary specific implementation will nov; be 
5 described with reference to the accompanying diagrammatic 
drawings, in which: 

Figures lA, B and C are respectively a rear plan, and a 
partial sectional side view of a prior art resonant panel- 
form loudspeaker together with a graphical idealised 
10 acoustic output /response curve, and 

Figures 2A to C correspond respectively to those of 
Figures lA to IC and show a resonant panel-form loudspeaker 
embodying the present invention. 

DESCRIPTION OF ILLUSTRATED EMBODIMENTS 
15 Referring first to Figures lA-C, a prior art panel- 

form distributed mode loudspeaker 10 comprises a suitable 
resonant panel member 11 mounted at its edges by means of 
resilient suspension members 12A to D in a frame 19. An 
inertial elect rodynamic vibration exciter 13 is shown 
20 mounted and supported wholly on the panel member 11 to 
excite the panel into resonance to produce an acoustic 
output. 

Specifically, the exciter 13 comprises a moving coil 
15 rigidly connected at connection 14 to the panel 11. The 
25 moving coil 15 is arranged in the annular gap 17A of a 
magnet assembly 16,17 comprising a magnet 16 sandwiched 
between a pair of pole-pieces 17 and having suitably 
compliant suspension 18 connected between the magnet 
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assembly and the panel member 11. In general, the panel 
member 11 will have more, often significantly more, mass 
than the exciter 13, particularly the magnet assembly 16,17 
as the highest mass, component thereof. Indicated frequency- 
5 dependent roll-off of loudspeaker output A is at least 
12dB/octave below the region (Fe) of exciter resonance. 
Such an arrangement is disclosed in WO97/09842. 

Turning to Figures 2A to C, a panel-form resonant 
loudspeaker 20 embodying this invention comprises a 

10 suitable resonant panel member 21 shown with a generally 
similar relationship with a vibration exciter 23 generally 
in accordance with the teaching in WO97/09842 and reference 
numerals 24 to 28 generally correspond to reference 
numerals 14 to 18 of Figure IB. 

15 In this case, however, the panel member 21 is of the 

same order or even less mass than the exciter 23 or highest 
mass part(s) thereof, namely the magnet assembly comprising 
the magnet 26 and associated pole-pieces 27. The magnet 
assembly 26,27 is arranged actually to carry the panel 

20 member 21, rather than vice versa as is the case in the 
prior art arrangement. Moreover, the magnet assembly 26,27 
is the means by which the loudspeaker 20 as a whole is 
mounted, see bond 29 between a rear face 31 of the exciter 
magnet assembly and a mounting structure 30 to support the 

25 loudspeaker in position on a host apparatus, e.g. a 
loudspeaker stand or the structure or casing of electronic 
apparatus . 

As illustrated, and in complete contrast to practice 
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hitherto, the panel member 21 is effectively free, i.e. not 
as such suspended to any support structure other than the 
exciter. If desired, however, soft resilient members 22 
may be connected between the edges of the panel member 21 
5 and the mounting structure 30 to damp excessive movements 
of the panel edges in use. 

By way of specific example, a distributed mode panel 
member 21 measures 2mm in thickness and approximately 2.5 x 
3cm in area, and weighs only a few grams (perhaps as little 

10 as two grams or even less) compared with an electro-dynamic 
exciter 23 at up to about 15 grams or more. A serviceable 
and reliable loudspeaker assembly was designed by 
adhesively fixing the back face 31 of the exciter magnet 
assembly to a suitable area of the host apparatus (in this 

15 case the interior face of the lid of a laptop computer) and 
allowing the panel to operate freely on the coil suspension 
of the exciter. The loudspeaker was obscured behind a 
grille in the lid. 

The damping and related material properties of this DM 

20 panel can particularly suit use as described, its smallness 
giving rise to boundary conditions in the exciter region 
which provide some modal termination which by prior 
practice would have had to be otherwise provided-for at 
peripheral regions of a mounted or suspended panel. 

25 It is, of course, feasible for some degree of 

ancillary mounting and/or other association of the panel 
member 21 with other damping and/or framing means, 
including in association with a baffle. 
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As shown in Figure 2C, it is particularly noteworthy 
that low frequency roll-off is now much more gradual, 
specifically at about 6dB/octave. 
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CLAIMS 

1. A resonant panel-form acoustic device comprising a 
resonant panel-form member and a vibration exciter mounted 
to the panel-form member to apply bending wave energy 

5 thereto to cause the member to resonate to produce an 
acoustic output, wherein the vibration exciter is adapted 
to act as a carrier for the panel-form member. 

2. A resonant panel-form acoustic device according to 
claim 1, wherein the vibration exciter is adapted for 

10 mounting on a host system. 

3. A resonant panel-form acoustic device according to 
claim 1 or claim 2, comprising a moving coil electro- 
dynamic vibration exciter having a magnet assembly and a 
voice coil movable with respect to the magnet assembly in 

15 response to an applied electrical signal, the resonant 
panel-form member being rigidly coupled directly to the 
voice coil, and comprising resilient suspension means 
coupled between the panel-form member and the magnet 
assembly to support the panel-form member. 

20 4. A resonant panel-form acoustic device according to 
claim 3, wherein the magnet assembly has a face adapted to 
be rigidly fixed to a host system. 

5. A resonant panel-form acoustic device according to any 
one of claims 2 to 4, comprising damping means applied 

25 between the panel-form member and the host system, 

6. A loudspeaker comprising a resonant panel-form 
acoustic device as claimed in any preceding claim. 

7. Host system comprising a loudspeaker as claimed in 
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claim 6. 

8. A laptop computer comprising a loudspeaker as claimed 
in claim 6. 
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TITLE: 

RESONANT-MODE PANEL LOUDSPEAKER WITH LIGHT EMITTER 



DESCRIPTION 



TECHNICAL FIELD 

The invention relates to loudspeakers and more 
particularly to bending wave panel-form loudspeakers e.g. 
of the general kind described in International patent 
application WO97/09842. 

BACKGROUND ART 
The technology described in International Patent 
application WO97/09842 has come to be known as distributed 
mode or DM technology and among other things, WO97/09842 
describes a ceiling tile/loudspeaker combination. A 
feature of bending wave panel-form loudspeakers is that 
they may be made flat and of shallow depth and may thus be 
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wall or ceiling mounted in a domestic^ or other, 
environment to occupy a minimum of space. It has also 
been suggested that the flat front face of the loudspeaker 
may be disguised as a picture or mural. 
5 It is an object of the invention to extend the 

utility of such wall or other surface mounting of panel- 
form loudspeakers for other purposes, by combining such 
loudspeakers with other devices in synergistic 
combinations . 

10 

DISCLOSURE OF INVENTION 
According to the invention, there is provided a 
panel-form loudspeaker comprising a bending wave panel 
having a front face and rear face, a vibration exciter 
15 mounted to the panel to excite bending-wave vibration in 
the panel, and a light emitter mounted at or adjacent to 
the rear face of the panel and arranged to illuminate an 
area adjacent to the panel, A light reflector may be 
provided to direct light from the light emitter. The 
20 panel may be transparent or translucent. 

The loudspeaker may comprise an enclosure defining a 
cavity enclosing at least a portion of the rear face of 
the panel. The light-emitter may be disposed in the 
cavity and may be arranged to emit light through at least 
25 one window therein. The enclosure may be transparent or 
translucent to light. The enclosure may be moulded from a 
clear plastic such as polycarbonate. The enclosure may be 
formed with one or more lenses to direct the emitted 
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light as desired. The lens(es) may be moulded integrally 

with the enclosure. 

The enclosure is preferably acoustically opaque to 

prevent or reduce acoustic radiation from the rear face 
5 of the panel. The cavity may be dimensioned such as to 

modify the modal behaviour of the member, e.g. as taught 

in W099/52322. 

The light emitter may comprise a fluorescent device, 

or other device which does not emit significant heat. 
10 Such a device may be a low voltage device. Power to the 

light emitter may be supplied via electrically conductive 

lead(s) supplying power to the vibration exciter. 

The loudspeaker may further comprise a front cover. 

The front cover will be acoustically transparent to allow 
15 acoustic radiation from the panel to pass through. The 

front cover is preferably opaque to light. The front 

cover may be arranged to extend beyond the panel 

perimeter and the enclosure. The loudspeaker may be 

adapted to be wall mounted or to be ceiling mounted, e.g. 
20 as a ceiling tile. Thus, when so mounted, the front 

cover may at least partly conceal the loudspeaker 

enclosure from view. 

BRIEF DESCRIPTION OF DRAWINGS 
25 The invention is diagrammatically illustrated, by way 

of example, in the accompanying drawings in which: 

Figure 1 shows an exploded perspective view of a 
panel-form loudspeaker embodying the present invention and 
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intended for wall mounting; 

Figure 2a is a plan view of a panel-form loudspeaker 
embodying the present invention and generally as shown in 
Figure 1; 

5 Figure 2b is a cross-section along line AA of Figure 

2a; 

Figure 2c is a side view of the loudspeaker of Figure 

2a; 

Figure 3 is a cross-sectional side view of an 
10 embodiment of light fitting or tile for a suspended 
ceiling; 

Figure 4 is a cross-sectional side view of another 
embodiment of light fitting or tile for a suspended 
ceiling; 

15 Figure 5 is a cross-sectional side view of yet 

another arrangement of suspended ceiling light fitting or 
tile; 

Figure 6 is a cross-sectional side view of a further 
embodiment of suspended ceiling light fitting or tile, 
20 and 

Figure 7 is a scrap cross-sectional side view 
relevant to the embodiments of Figures 3 to 6 

BEST MODES FOR CARRYING OUT THE INVENTION 
25 Figures 1 and 2 of the drawings show a panel-form 

loudspeaker/light fitting combination (10) comprising a 
resonant panel (12) having a front face (14) and rear 
face (16) and two vibration exciters (18,20) mounted on 
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the panel (12) to excite bending-wave vibration in the 
panel (12) to cause it to resonate and produce an 
acoustic output generally as described in WO 97/09842. 

The loudspeaker (10) further comprises a shallow 
rear box-like enclosure (24) which defines a cavity (26) 
enclosing the rear face (16) of the panel (12) . The 
enclosure (24) is acoustically opaque to prevent or 
reduce acoustic radiation from the rear face (16) of the 
panel (12) . The panel (12) is mounted to the rear 
enclosure by means of a resilient suspension (30) 
extending around the perimeter of the panel (12). 

A light-emitter (22) in the form of a fluorescent 
tube is mounted in a support (32) in the enclosure (24) 
and at the lower edge thereof, as seen in Figure 1. The 
5 enclosure (24) is transparent to light and moulded from a 
plastics material. The support (32) for the light-emitter 
(22) comprises a reflector (48) which directs the emitted 
light as desired. In this embodiment, the loudspeaker (10) 
is intended for wall-mounting and thus the light is 
0 directed outwardly through the top and sides of the 
transparent rear enclosure (24) so that the loudspeaker 
also forms a wall light. 

A decorative front cover (28) is mounted to the 
enclosure (24) to cover the front face (14) of the panel 
5 (12) and the support (32) . The front cover (28) is 
acoustically transparent and opaque to light. Accordingly, 
acoustic radiation from the panel (12), but not light 
from the fluorescent tube, is allowed to pass through the 
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cover (28). A lower portion (38) of the front cover is 
curved to match the profile of the support (32) . 

The front cover (28) extends beyond the edges (42) 
of the rear enclosure (24) so that when the loudspeaker 
is wall mounted, the front cover (28) conceals the 
enclosure from view. 

Figure 2a is a rear view of the loudspeaker with the 
outline of internal components, e.g. the perimeter (40) 
of the panel (12) and the edges (44) of the fluorescent 
tube shown with dotted line.. The exciters (18, 20) are 
mounted off-centre of the panel (12) as taught in WO 
97/09842. Thus the panel has the capability to sustain 
and propagate input vibrational energy by a plurality of 
resonant bending wave modes in at least one operative 
area extending transversely of thickness, wherein the 
frequencies of resonant bending wave modes are 
interleaved in a predetermined frequency range so that 
the resonant bending wave modes are substantially evenly 
distributed in frequency and wherein the vibration 
exciters are mounted on said operative area of the panel 
at preferential locations or sites for coupling to the 
resonant bending wave modes, to vibrate the panel and 
excite said resonant bending wave modes in the panel, the 
resonant bending wave modes in turn producing an acoustic 
output - 

Figure 2b shows that the exciters (18,20) are 
mounted on the rear face (16) of the panel (12) and that 
additional support for the exciters (18,20) may be 
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provided by resiliently suspending them on the rear 
enclosure (24) e.g. as taught in W098. 31188. Accordingly, 
the rear enclosure comprises two inward projections or 
bosses (46) which are aligned with the exciters (18,20), 
5 so that the resilient suspension, not shown, can be 
disposed between the projections (46) and the exciters. 

Figure 3 shows an embodiment of light fitting or 
tile/loudspeaker combination (10) for a suspended ceiling 
(not shown) comprising a translucent resonant panel (12) 
10 having a vibration exciter (18) thereon, e.g. as taught 
in WO97/09842 mounted in a box-like enclosure (24) to 
form a cavity (26) in which a fluorescent light fitting 
(22) is positioned. The mounting of the panel (12) in 
the enclosure (24) is indicated by arrows (34) and is 
15 described further with reference to Figure 7 below. 

Figure 4 shows an embodiment of light 
fitting/loudspeaker combination (10) generally similar to 
that of Figure 3 and showing a vibration exciter (IB) 
mounted on a translucent panel (12) at a position 
20 adjacent to the edge of the panel, as taught in 
W099/37121, whereby the exciter can be hidden from view 
if desired. 

Figure 5 shows an arrangement of suspended 
ceiling/loudspeaker combination (10) light fitting 
25 generally similar to that of Figures 3 and 4 and showing 
the resonant panel (12) mounted above the fluorescent 
light (22) in the enclosure and with a ceiling tile (36) 
in the form of an open grille below the light fitting 
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(22) 



Figure 6 is a cross-sectional side view of an 
embodiment of suspended ceiling light fitting/loudspeaker 
combination (10) similar to those described above in 
5 Figures 3 to 5 and comprising a box-like enclosure (24) 
housing a curved light reflector (48) in the form of a 
resonant panel (12) excited by vibration exciter (18) and 
with fluorescent light fitting (22) mounted below the 
reflector (48)- and a ceiling tile (36) in the form of an 

10 open grille below the light fittings to close the 
enclosure (24 ) . 

Figure 7 is a scrap cross-sectional side view 
showing how the resonant panel (12) and/or tile (36) in 
the embodiments of Figures 3 to 6 can be supported in the 

15 enclosure (24) at its edges by means of brackets (50) 
mounted on the edges of the panel (12) or tile (36), the 
brackets being formed with apertures (not shown) which 
are located and mounted on upstanding pegs (52) in the 
enclosure (24 ) . 



The invention thus provides a slim panel-form 
loudspeaker of increased utility, and which can be used 
to provide wall or ceiling lighting. 



20 



INDUSTRIAL APPLICABILITY 
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CLAIMS 

1. A combination panel-form loudspeaker /light 
comprising a panel having a front face and rear face, a 
vibration exciter mounted to the member to excite 

5 bending-wave vibration in the member, and a light emitter 
mounted at or adjacent to the panel and arranged to 
illuminate an area adjacent to the panel - 

2. A combination according to claim 1, comprising a 
light reflector positioned to direct light from the light 

10 emitter. 

3. A combination according to claim 1 or claim 2, 
comprising an enclosure defining a cavity enclosing at 
least a portion of the rear face of the member. 

4. A combination according to claim 3, comprising at 
15 least one window in the enclosure and the light-emitter 

is disposed in the cavity and is arranged to emit light 
through the at least one window. 

5. A combination according to claim 3, wherein the 
enclosure is transparent or translucent to light. 

20 6. A combination according to claim 5 wherein the 
enclosure is moulded from a clear plastics. 
7. A combination according to any one of claims 3 to 6 
wherein the enclosure is formed with at least one lens to 
direct emitted light. 

25 8. A combination according to claim 7, wherein the lens 
is moulded integrally with the enclosure. 

9. A combination according to any one of claims 3 to 8, 
wherein the enclosure is acoustically opaque to prevent 
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or reduce acoustic radiation from the rear face of the 
panel . 

10. A combination according to any preceding claim, 
wherein the panel is translucent. 

11. A combination according to any one of claims 1 to 9, 
comprising an acoustically transparent front cover which 
is opaque to light . 

12. A combination according to claim 11, wherein the 
front cover is arranged to extend beyond the panel 
perimeter . 

13. A combination according to any preceding claim, 
adapted to be wall mounted or to be ceiling mounted. 

14. A combination according to claim 13, adapted as a 
fitment for a suspended ceiling. 
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